Background: Impaired cognitive functioning is a significant predictor of work dysfunction in schizophrenia. Less is known, however about relationships of cognition and work in people with less severe disorders with relatively normal cognitive functioning. Methods: This secondary analysis evaluated cognitive predictors of work in Social Security Disability Insurance (SSDI) beneficiaries with a recent work history who were randomized to receive mental health services, supported employment, and freedom from work disincentives over a 2-year study period in the Mental Health Treatment Study. Of the 1045 participants randomized to the treatment package, 945 (90.4%) received a cognitive assessment at study entry. Competitive work activity was evaluated using a computer-assisted timeline follow-back calendar at baseline and quarterly for 24 months. Results: Mood disorders were the most common psychiatric diagnoses (64.9%), followed by schizophrenia or schizoaffective disorder (35.1%). Tobit regression analyses predicting the average number of hours worked per week, controlling for demographic characteristics, diagnosis, and work history indicated that the cognitive composite score (P < .01) and verbal learning subscale scores (P < .001) were associated with fewer hours of weekly work over the study period. Conclusions: Cognitive functioning predicted work over 2 years in SSDI beneficiaries with mood or schizophreniaspectrum disorders who were receiving supported employment and mental health interventions, despite a relative absence of cognitive impairment in the study participants. The findings suggest cognitive functioning contributes to competitive work outcomes in persons with psychiatric disorders who have relatively unimpaired cognitive abilities, even under optimal conditions of treatment and vocational support.
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Key words: cognition/mood disorders/ employment/supported employment/ schizophrenia Cognitive impairment in people with serious mental illnesses, including psychotic and mood disorders, contributes substantially to functional disability, especially capacity for competitive employment. [1] [2] [3] [4] One study examining specific cognitive predictors of work in people with schizophrenia and poor work history found that greater cognitive impairment at entry into a supported employment program correlated with poorer work outcomes at 2-and 4-year follow-ups. 5, 6 Measures of executive functioning and verbal learning showed the strongest inverse relationships with total hours of work, but other cognitive measures also correlated negatively with the amount of work. Minimal research has evaluated cognitive predictors of work in more diagnostically heterogeneous groups receiving supported employment or in people with more substantial work history.
In the current study, we explored cognitive predictors of work in a diagnostically mixed sample of people with major mood and schizophrenia-spectrum disorders. Furthermore, the participants were Social Security Disability Insurance (SSDI) beneficiaries and therefore had an established work history.
Method
We conducted a secondary analysis of cognitive predictors of work in the intervention group in the Mental Health Treatment Study. 7, 8 We assessed baseline cognitive function for people randomized to the intervention, which included IPS supported employment, a comprehensive package of mental health services, full insurance coverage, and suspended disability reviews, but not on the comparison (usual care) group.
Participants
Participants were recruited from SSDI rolls and were included in the study if they had a primary diagnosis of a schizophrenia-spectrum or mood disorder, were 21-55 years of age, resided in a 30-miles radius of 1 of the 23 study sites around the United States, and signed informed consent.
Of the 1004 participants included in the intervention group, 945 received a cognitive assessment, and 59 did not. Participants with and without a cognitive assessment did not differ in any demographic characteristic, but did differ on 2 diagnostic characteristics: participants who had an anxiety disorder or psychiatric symptoms due to general medical conditions were less likely to receive a cognitive assessment than those without such disorders. Participant characteristics are displayed in table 1.
Cognitive Measures
Research assistants at each of the 23 sites assessed cognitive functioning at baseline using the Brief Assessment of Cognition for Schizophrenia (BACS), a broad-based, reliable, and valid cognitive assessment for people with schizophrenia and major mood disorders. 9, 10 Research assistants received standardized training and demonstrated reliable administration of the battery, initially on nonstudy participants, before beginning to assess study participants. The first author conducted random checks throughout the study to evaluate the reliability of BACS administration procedures and provided regular supervision calls to reinforce standardized assessment procedures.
The 6 BACS measures (and cognitive areas assessed by each) were:
List learning (verbal learning), required the recall of a list of 15 words read aloud on each of 5 presentations; total words recalled over the 5 trials is the dependent measure (range: 0-75). Digit sequencing task (working memory), required the recall of number strings of increasing length presented aurally, placing the string numbers in order, from lowest to highest; the number of word strings correctly recalled is the dependent measure (range: 0-28). Token motor task (motor speed), required placing plastic tokens into a bucket 2 at a time as quickly as possible in 60 s; a total number of tokens correctly placed into the container is the dependent measure (range: 0-100).
Category Instances and Controlled Word Association
Tests ("F" and "S" tests of verbal fluency), required naming as many words as possible in 60 s within a given category (eg, supermarket items; words that being with "F" and "S"); total correct words from the 3 tasks is the dependent measure; an average performance score on the 3 verbal fluency tasks was used in analyses. Symbol coding (attention and information processing speed), required writing numerals 1-9 as matches to symbols on a response sheet for 90 s; number of correct numerals is the dependent measure (range: 0-110).
Tower of London (executive functioning).
Participants are shown 2 pictures simultaneously, with each picture displaying 3 balls of different colors arranged on 3 pegs, with the balls in a unique arrangement in each picture. The task required determining the total number of times colored balls in one picture needed to be moved to make the arrangement of balls identical to that of the opposing picture. Twenty items are presented, with an opportunity of 2 bonus trials of enhanced difficulty if all 20 trials were correct (range: 0-22).
A composite measure of the BACS tests was formed by standardizing each of the cognitive measures of the BACS (ie, computing z-scores) and computing the mean of these scores. In addition to the BACS, we assessed reading level with the National Adult Reading Test 11 which has also been used as an estimate of premorbid intelligence. Subjects are scored on their pronunciation of a list of 50 words. Total words incorrectly pronounced is the dependent measure (range: 0-50).
Measurement of Work
All paid work activity was collected by research assistants using a computer-assisted timeline follow-back calendar at baseline and quarterly interviews over the 24-month follow-up. This method yielded data on competitive employment, length of employment, hours per week of employment, and wages. Competitive work was defined as mainstream jobs in integrated work settings at usual wages with regular supervision. For this study, the average number of hours worked per week on the main job was the primary outcome variable.
Recent Work History
Participants were defined as having a recent work history if they worked in any paid position in the 2 years before study enrollment.
Statistical Analyses
Age, education, reading levels, and cognitive performance on the BACS composite and subscale scores were compared between schizophrenia-spectrum vs mood disorders groups, using t-tests and chi-square analyses.
To evaluate the contribution of cognitive functioning to work and whether or not the magnitude of this effect changed over time, while controlling for other covariates, we conducted 2 longitudinal mixed effects Tobit regression analyses. Tobit models incorporate both the probability of an event (working) and the intensity of that event (hours worked) into the likelihood functions for model estimation. Correlations between BACS cognitive subtests were examined to evaluate the possible presence of multicollinearity before conducting the Tobit analysis of the individual cognitive predictors. To explore the contributions of the performance of the individual cognitive tests to work, separate longitudinal Tobit analyses were performed on each cognitive test.
The first Tobit analysis used the composite cognitive score as a predictor and the second analysis used the 6 BACS cognitive subscales as predictors. In addition, both Tobit analyses included the following predictors: time (8 quarters), the time by cognitive score(s) interaction(s), diagnosis, the cognitive score(s) by diagnosis interaction(s), work history, gender, ethnicity, education, and age. A random effect was included in both models to account for the intraclass correlation between the average number of hours of work per week over the 8 quarters. The interaction terms between time and the cognitive measures, and between diagnosis and cognitive measures, were not significant for either Tobit model, and the inclusion of any of the interaction terms did not improve the model fit for either analysis. Therefore, both models were refit without the interaction terms.
Finally, to illustrate the association between level of cognitive functioning and work, a mean split of the composite cognitive score was computed and plotted against average weekly hours worked per quarter over 2 years. Table 1 displays participant demographics, background characteristics, and cognitive functioning scores on the BACS. Participants were on average 47 years old, a slight majority were women (53%), and major depression was the most common disorder (35%), followed by bipolar disorder (30%), schizophrenia (20%), and schizoaffective disorder (15%).
Results
Comparisons of the 2 broad diagnostic groups, schizophrenia-spectrum (35%) vs mood disorders (65%), indicated that the schizophrenia-spectrum disorders group was significantly younger, less educated, and had lower reading levels and cognitive functioning (table 2) . Cognitive performance was in the average range and significantly better for the mood disorders group vs schizophrenia-spectrum disorders group which was in the low average range for cognitive tests and the cognitive composite score.
The correlations between different areas of cognitive functioning ranged between 0.20 and 0.49 (all Ps < .001), indicating correlations of moderate to low magnitude, and no problem of multicollinearity.
The overall model for the Tobit regression analysis predicting average hours worked per week from the cognitive composite score, and other predictors was highly significant (table 3, Model A) with significant effects for the composite cognitive score, time, recent work, and Hispanic ethnicity, but not for gender, education, age, or diagnosis. The average number of hours worked per week increased over time, with more hours of work associated with higher levels of cognitive functioning, Hispanic ethnicity, and history of recent work. The random effect was highly significant indicating that within-subject data were strongly correlated over time.
The Tobit analysis with the individual BACS test scores was also highly significant (table 3, Model B). Among the cognitive subscales, only the effect for verbal learning was significant, and not the other BACS subtests (ie, digit sequencing, symbol coding, Category Instances and Controlled Word Association Tests [verbal fluency], token motor, or tower of London). As in the first analysis, significant effects were found for time, recent work, Hispanic ethnicity, but not education, age, or diagnosis. For the second Tobit analysis, the effect for gender approached significance (P = .055). The average number of hours worked per week increased over time, with more hours of work associated with higher levels of verbal learning, recent work, Hispanic ethnicity, and male gender. As in the first analysis, the random effect was highly significant. Thus, cognitive performance was a highly significant predictor of work even after controlling for work history, also a robust predictor of work. The Tobit analyses on the individual cognitive tests indicated that better performance on 2 of the cognitive tests predicted more work over the study period: List learning (estimate = 0.316, SE = 0.079, z = 3.00; P < .001) and symbol coding (estimate = 0.189, SE = 0.072, z = 2.61; P = .009). The remaining cognitive tests including Category Instances and Controlled Word Association Tests of verbal fluency, digit sequencing, token motor, and tower of London were not significant predictors of work. Figure 1 depicts the average number of hours worked per week per quarter for the full sample with higher than average cognitive functioning vs lower than average cognitive functioning, based on a mean split on the BACS cognitive composite score.
Discussion
Cognitive functioning predicted the amount of work over 2 years in this large study group of SSDI beneficiaries with schizophrenia-spectrum or mood disorders who were receiving IPS supported employment and mental health interventions, after controlling for demographic characteristics and recent work history. Of the tests that comprise the BACS cognitive assessment, 2 were predictive of work in the Tobit analyses, list learning and symbol coding, and 4 were not (Category Instances and Controlled Word Association Tests of verbal fluency, digit sequencing, token motor, and tower of London). However, in the Tobit analysis that included all cognitive tests, only list learning was uniquely predictive of work. The findings suggest that even within the low average to average range of cognitive functioning, higher levels of cognitive performance contribute to greater amounts of work among beneficiaries with either schizophrenia-spectrum or mood disorders under optimal conditions of treatment and support.
The lack of significant interaction effects between diagnosis and cognitive functioning in predicting work outcomes is of particular importance. Specifically, cognitive functioning was just as potent a predictor of work outcomes in the mood disorders group, where cognitive performance levels were within the average range, as in the schizophrenia-spectrum disorders group, which had significantly lower cognitive performance scores. Furthermore, given the very large sample size, this study had more than adequate statistical power, suggesting that the lack of cognition by diagnosis interaction is a robust finding. This is the largest study to date of IPS supported employment. An additional unique feature of this study is that it focused exclusively on SSDI beneficiaries, who by definition had an established history of competitive work. As a consequence of including participants with established work histories, there was a lower rate of schizophrenia among the participants than in other IPS studies, with cognitive abilities primarily in the low average range. This is in comparison to other studies in which the predominant diagnosis for participants was schizophrenia with markedly impaired cognitive functioning. 1, 5 Although the cognitive domains were significantly inter-correlated, and symbol coding, a measure of attention and information processing speed, was found to be significantly related to work, verbal learning was the only cognitive domain uniquely predictive of work. Other studies of supported employment have identified verbal learning as an important cognitive domain for work. For example, a recent multi-site study in Switzerland in participants with psychiatric illness receiving supported employment found that verbal learning was the sole cognitive predictor of job attainment and retention at 3 months. 12 In another study of a schizophrenia sample receiving supported employment, verbal learning, and executive functions were the strongest cognitive predictors of work. 5, 6 Why verbal learning is such an important predictor of work is unclear. Verbal learning may provide a more sensitive indicator of overall cognitive functioning than any of the other cognitive domains, and overall cognitive abilities may influence work functioning as suggested by Gold et al. 1 Alternatively, or in addition, verbal learning may be critical for specific jobs that require individuals to follow verbal instructions, learn new job tasks, respond effectively to supervision, and perform other work-related activities involving social exchanges, such as interacting with customers or co-workers.
An intriguing implication of study findings is that improving cognition may improve work functioning even in people with psychiatric illnesses with intact cognitive functioning. Cognitive enhancement studies in this group of people would provide important supplementation to an extant literature largely comprised of participants with significant cognitive problems. Limitations of the study include the use of a relatively brief cognitive assessment and work outcomes based on self-report.
